Xpro is a relational database that contains all the eukaryotic protein-encoding DNA sequences contained in GenBank with associated data required for the analysis of eukaryotic gene architecture. In addition to the information found in the GenBank records, which includes properties such as sequence, position, length and description about introns, exons and protein-coding regions, Xpro provides annotations on the splice sites and intron phases. Furthermore, Xpro validates intron positions using alignment information between the record's sequence and EST sequences found in dbEST. In the process of validation, alternative splicing information is also obtained and can be found in the database. The intron-containing genes in the Xpro are also classi®ed as experimental or predicted based on the intron position validation and speci®c keywords in the GenBank records that are present in predicted genes. An Entrez-like query system, which is familiar to most biologists, is provided for accessing the information present in the database system. A non-redundant set of Xpro database contents is also obtained by cross-referencing to the Swiss-Prot/TrEMBL and Pfam databases. The database currently contains information for 493 983 genesÐ351 918 introncontaining genes and 142 065 intron-less genes. Xpro is updated for each new GenBank release and is freely available via the internet at http://origin.bic. nus.edu.sg/xpro.
INTRODUCTION
Analysis of the intron/exon features in eukaryotic genes forms the basis for investigating the origin and evolution of genes (1±11). Due to the ever-increasing number of genome and EST sequencing projects, GenBank, the primary repository of nucleotide sequences, is growing at an unprecedented rate. This growth of data and the poor annotation of exon/intron details required for molecular evolution studies in the primary nucleotide database have made specialized databases that provide insight into genomic features speci®c to eukaryotic genes a necessity.
To facilitate such studies, we have developed Xpro, a relational database system that contains all the eukaryotic protein-coding genes from the GenBank (12) database (release 136). It provides a set of speci®c data such as exon sequences, the corresponding protein sequences, intron sequences, intron positions and phases, and splice sites, in a well-organized way for analyzing key features of eukaryotic gene architecture. In addition to these, each gene entry in the Xpro database is also cross-referenced to Swiss-Prot/TrEMBL (13) records and the associated Pfam (14) protein families. All these features along with the advanced query system and visual representation of gene structure make this database unique from the currently available databases on eukaryotic gene architecture (15±20).
VALIDATION OF INTRON POSITIONS
The intron positions de®ned in the GenBank records have to be validated before they are used for any evolutionary studies. This has to be done because GenBank includes not only intron positions derived from experiments but also those based on gene prediction programs such as GeneWise, GENSCAN, etc. Two methods are used for the validation of intron positions. The ®rst one involves text searches of the GenBank header information for the keywords that are commonly used for gene prediction. Those records that contain these keywords are classi®ed as predicted while the rest of the records are classi®ed as experimental as described by Saxonov et al. (16) . The second method of intron validation is based on the analysis of pairwise alignment of intron-containing mRNA sequences in the Xpro to experimentally derived EST sequences in the dbEST (21) database using BLAT (22) . In this method, the intron positions are considered valid only if there is a high level of similarity in the aligned EST sequences in the exon±exon boundaries of the query sequence. Although this method of validation of intron positions is based on experimental EST data and thus is far more accurate than the ®rst method, it does not cover the full data set present in GenBank due to a lack of EST information. These methods are used in tandem and thus provide a higher level of validation than that provided by current databases.
ALTERNATIVE SPLICE VARIANTS
Alternative splicing is a characteristic feature of eukaryotic organisms. It not only increases the complexity and diversity of gene products in the eukaryotes but also forms the basis for analyzing various evolutionary events such as protein domain duplication and exon shuf¯ing. Hence, the Xpro data, which 
DATABASE CONSTRUCTION AND IMPLEMENTATION

Data source
The data for the Xpro database are obtained from GenBank's invertebrate, plant, primate, rodent and mammalian divisions, which represent all the eukaryotic gene entries. The sequence, length and position data of the introns/exons were obtained by parsing the header, CDS feature and sequence ®elds in the GenBank records. The intron/exon features and the protein sequence from the GenBank records are extracted respectively from segment details and the translation quali®er present in the CDS ®eld of the feature table. Intron-containing genes are speci®cally identi®ed based on the keyword`join' in the CDS ®eld. Exon and intron sequences are derived from the DNA sequence based on the location speci®ed in the CDS join features. In the case of intron-containing genes, if the 3¢ and 5¢ ends of the¯anking exons for an intron are available in different GenBank recordsÐas in the segmented genesÐthen the intron fragments are derived from DNA sequences corresponding to the reference GenBank locus entries. Further on, phases of the introns are deduced from the exon lengths and the splice sites are extracted from the surrounding exon sequences. Partial sequences are identi®ed based on thè <' or`>' symbol in the CDS ®eld and categorized as 5¢ and 3¢ deletions accordingly. Xpro focuses only on the gene architecture of proteincoding regions in eukaryotes. Hence, exons and introns corresponding to 3¢ and 5¢ UTRs are not included in the database. The pseudogenes, with no protein translations (16), are also not added to the database.
Swiss-Prot/TrEMBL records contain cross-references to GenBank/EMBL protein records and Pfam records. These cross-references are extracted and stored in the relational database for use in the generation of a non-redundant subset of Xpro as described by Schisler and Palmer (17) . Pfam accession number, Swiss-Prot/TrEMBL cross-references, domain ranges and multiple sequence alignment information are extracted from the Pfam¯at ®les (version 10.0, July 2003). Each Xpro entry is linked to a Swiss-Prot/TrEMBL entry via the Swiss-Prot/TrEMBL cross-references and using the SwissProt/TrEMBL cross-references extracted from Pfam entries, each Xpro entry is also linked to Pfam entries. This allows individual Xpro records to be classi®ed into protein families and such families can be analyzed for intron distribution within the family.
Data processing
Intron position validation and the capability of intron/exon structures to form alternative splice variants are obtained by alignment of all the mRNA (exon sequences only) of the intron-containing genes in the Xpro database with the EST sequences in the dbEST database using BLAT alignment. A sequence identity cut-off of 90% and the`fastsearch' option are chosen as BLAT alignment parameters. The BLAT outputs are then stored as tables in the Xpro database for ef®cient extraction and querying. The intron positions in the Xpro data sets are considered validated if they are covered by at least one EST sequence. The alternative splicing phenomena are analyzed based on gaps and percentage identity in the alignment of the mRNA sequence with EST sequences in dbEST.
Data representation
The relational model of data representation is based on the relationships between the locus, GenBank accession, protein accession and intron/exon features present in the GenBank records. The relationship between the GenBank protein accession numbers and accession numbers of the Swiss-Prot/ TrEMBL, Pfam and dbEST databases are also considered when building the relational model. The database schema representing the relationship between various tables used in Xpro is available from the Xpro website. The data in Xpro are normalized to remove redundancies and to improve the query speed. The data for the tables in the Xpro database are obtained by parsing the various data sources using PERL scripts.
The query can be limited to a speci®c data set by enabling the`limit & output format' link in the main menu and by selecting the appropriate conditions listed based on gene type, data set (intron-less or intron-containing or both), cellular location, division and organism. This provision enables the formulation of a more ef®cient and speci®c query against Xpro database. Figure 1 shows the screen shots of the results page and the links in the results page for an Xpro entry. The results are summarized in text, tabular and graphical forms with A unique feature of Xpro is the validation of exon positions based on EST alignments, available from the link marked EST View.' An interactive graphical interface for visualizing the BLAT alignment of available ESTs to the query sequence is provided (Fig. 2) . By selecting each EST in the alignment, the pairwise alignment is also analyzed for the type of alternative splicing and the sequence alignment itself is displayed in text and graphical formats.
In addition, a BLAST (24) query page is also provided for searching an input sequence against the Xpro database. The output of the BLAST query is displayed graphically with intron positions and alignment gaps mapped on them, allowing better visualization of intron distributions in homologous genes.
AVAILABILITY
The entire Xpro data is freely available for download as FASTA formatted¯at ®les or mysqldump ®les. The database is freely available via the internet at http://origin.bic.nus. edu.sg/xpro. Each FASTA formatted sequence in the¯at ®le download is represented by the GenBank de®nition, protein ID, GI number and accession number in addition to speci®c gene-structure details such as intron positions, phases, intron±exon size and number and splice sites.
New releases of Xpro will be made available for each new release of GenBank, which is approximately once every 2 months.
XPRO DATA STATISTICS
Detailed statistics of characteristic features of eukaryotic genes in Xpro are provided in the`statistics' link in the Xpro home page. It includes the distributions of intron lengths, number of introns, phase, splice sites, exon lengths, number of exon and coding sequence lengths for common model organisms such as Homo sapiens, Mus musculus, Arabidopsis thaliana, Caenorhabditis elegans, Drosophila melanogaster and Saccharomyces cerevisae. These distributions are represented as graphs. Other essential features such as GC content, intron density (number of introns/kb coding sequence) and intron penetration (percentage of genes with introns) (17) are also calculated for the model organisms and are presented as tables.
APPLICATIONS
The origin and evolution of introns and their relationship to gene evolution have been analyzed based on eukaryotic gene structure and the properties of genomic elements like introns and exons (1±9). Hence, Xpro can be used as a main data source for gene evolution studies, integrating eukaryoticspeci®c data present in various diverse data resources.
The validated data sets, the user-friendly web interface and elaborate data statistics make Xpro a unique and valuable database system for analyzing eukaryotic genes.
